Objective: To identify nutrients, foods, and dietary patterns associated with stress fracture risk and changes in bone density among young female distance runners. Design and Setting: Two-year, prospective cohort study. Observational data were collected in the course of a multicenter randomized trial of the effect of oral contraceptives on bone health. Participants: One hundred and twenty-five female competitive distance runners ages 18-26 years. Assessment of Risk Factors: Dietary variables were assessed with a food frequency questionnaire. Main Outcome Measurements: Bone mineral density and content (BMD/BMC) of the spine, hip, and total body were measured annually by dual x-ray absorptiometry (DEXA). Stress fractures were recorded on monthly calendars, and had to be confirmed by radiograph, bone scan, or magnetic resonance imaging. Results: Seventeen participants had at least one stress fracture during follow-up. Higher intakes of calcium, skim milk, and dairy products were associated with lower rates of stress fracture. Each additional cup of skim milk consumed per day was associated with a 62% reduction in stress fracture incidence (P Ͻ .05); and a dietary pattern of high dairy and low fat intake was associated with a 68% reduction (P Ͻ .05). Higher intakes of skim milk, dairy foods, calcium, animal protein, and potassium were associated with significant (P Ͻ .05) gains in whole-body BMD and BMC. Higher intakes of calcium, vitamin D, skim milk, dairy foods, potassium, and a dietary pattern of high dairy and low fat were associated with significant gains in hip BMD. Conclusions: In young female runners, low-fat dairy products and the major nutrients in milk (calcium, vitamin D, and protein) were associated with greater bone gains and a lower stress fracture rate. Potassium intake was also associated with greater gains in hip and whole-body BMD.
INTRODUCTION
Stress fractures are common among young female competitive athletes, especially among those participating in track and field, for whom the 1-year incidence rates have ranged from 8.7% to 21.1% [1, 2] . Studies evaluating the impact of dietary factors on stress fracture incidence in female athletes are limited and inconsistent. Some, but not all, studies have found that disordered eating [3, 4] , low calcium and dairy product intake [5] , and low dietary fat intake [3] may be related to stress fractures in female athletes. Only one of these prior studies was prospective [3] , and most are based on small numbers of study subjects and did not adequately control for confounding variables in the statistical analysis. Observational studies in female military recruits have not found a relationship between calcium intake [6] or dairy consumption (asked as a crude yes/no question) [7] and stress fracture risk, but a recent randomized trial found that calcium supplementation prevents stress fractures in this population [8] .
Female endurance athletes are at risk for compromised peak bone mass [9] , which might be an important risk factor for osteoporosis later in life [10] . The relationship between disordered eating, insufficient caloric intake, and low bone density is well established in this population [9] . However, the relationships between specific nutrients and foods and bone density are less well understood. Prior studies that examined the association between specific dietary components and bone mineral density (BMD) in female athletes were cross-sectional or retrospective [11] [12] [13] . No published studies have examined these relationships prospectively in this population.
In contrast, the role of diet in the development of peak bone mass has been well studied in the general population. There is good evidence that calcium, vitamin D, and protein help promote bone growth in children, teens, and young adults [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] 33] . Diets high in fruits and vegetables have also been associated with higher BMD in several studies [27] [28] [29] [30] [31] [32] . Iron status may relate to bone loss in older women [34, 35] , but this has not been studied in younger women. High milk intake has been correlated with greater BMD, greater bone acquisition in young adults, and lower risk of fractures later in life [36] [37] [38] [39] [40] . Conversely, low milk consumption and high soda consumption may be risk factors for low BMD and adolescent fracture [41, 42] . Excessive alcohol intake leads to bone loss [43] , whereas moderate alcohol intake may be beneficial to BMD in premenopausal women or have no effect [44] . Coffee has been cited as a contributor to osteoporosis, but moderate intakes (up to 3 cups per day) appear to have no adverse effect on the skeleton in individuals with adequate calcium intake [45, 46] . Whether these relationships are similar in young female endurance athletes, who have unique risk factors for bone loss and different caloric needs [47, 48] , is not known.
Several recent studies have noted the importance of considering food groups and dietary patterns of the whole diet on bone health [37, 38, [49] [50] [51] . It is possible that any failure to find relationships between single nutrients and bone health may be explained by potential interactions among foods in the diet.
In this article, we use dietary data collected during the course of a randomized trial of the effect of oral contraceptives on bone health to prospectively identify potential nutritional factors and dietary patterns that predict stress fractures and changes in BMD in young female long-distance runners.
METHODS

Subjects
Details of the study methodology have been described by Cobb et al [52] . Briefly, 150 runners were recruited from intercollegiate cross-country teams, postcollegiate running clubs, and road race participants. Because of the demands of the randomized trial and the high mobility of this young population, only 125 (83%) provided follow-up information. Of these, 55 were collegiate runners and 70 were postcollegiate runners. Reasons for withdrawing included: geographic relocation, pregnancy, illness, and lack of time. Baseline characteristics of the participants with no follow-up data were similar to those with follow-up data, except that they were more likely to have a history of stress fracture before baseline (P ϭ .05). At the time of recruitment, most lived near the study sites located in Stanford, CA; Los Angeles, CA; West Haverstraw, NY; Ann Arbor, MI; and Boston, MA. To be eligible, women had to run at least 40 miles per week during peak training times, had to compete in races, could not have used oral contraceptives or other hormonal contraceptives within 6 months of entering the study, had to be willing to be randomized, and to have no contraindications to oral contraceptive use. Eligible women were randomly assigned to receive an oral contraceptive or no intervention for an intended 2 years, stratified according to clinical site. The oral contraceptive pill assigned in this study was Lo/Ovral (Wyeth Ayerst, 28-day pack), which contains 30 g ethinyl estradiol and 0.3 mg norgestrel. For ethical reasons, the athletes and prescribing physicians were not blinded to treatment assignment, and a placebo was not used.
The size of the study population was based on the number needed to provide adequate statistical power for the randomized trial of the impact of oral contraceptive use on bone health, not for the comparisons presented in this article. All procedures followed were in accordance with the ethical standards of the institution or regional committee on human experimentation and the Institutional Review Boards of Stanford University, the University of California Los Angeles, the University of Michigan, the Helen Hayes Hospital, the Massachusetts General Hospital, the U.S. Army Medical Research and Materiel Command, and the colleges at which participants were recruited approved the protocol.
Questionnaire Data
A self-administered baseline questionnaire was used to obtain information about several variables of interest. Demographic information included age and race/ethnicity. Participants were asked to record their age at menarche and the number of menstrual cycles they had in the previous 12 months. Women were classified as having current menstrual irregularity if they were oligomenorrheic (defined as 4-9 cycles in the past year) or amenorrheic (defined as fewer than 4 cycles in the past year), because recent menstruation is most relevant to current changes in bone mass. Menstrual status was reassessed at each subsequent clinical visit.
Dietary Assessment
A modified version of the 97-item National Cancer Institute Health Habits and History food frequency questionnaire [53] was used to estimate usual nutrient intake during the previous 6 months. This was administered at baseline and at each subsequent follow-up visit. We focused on the baseline data in these analyses to preserve the prospective nature of the data with respect to stress fractures. One of the modifications to the questionnaire was the inclusion of additional food items that were likely to be consumed by young athletes and that contained relatively high amounts of calcium. The "fruits and vegetables" and "dairy product" measures used in this article were calculated directly from the food frequency questionnaire by adding the total number of servings of foods considered to be fruits or vegetables to the total number of servings of foods considered to be dairy foods (eg, milk, yogurt, cheese).
A customized automated computer analysis program was used to calculate nutrient intake from the questionnaire. Nutrient variables were adjusted for total energy intake (kcal) by calculating the standardized residual for the following: calcium, vitamin C, vitamin D, phosphorous, potassium, iron, fiber, and fat. Animal and vegetable proteins were calculated as grams per day per kilogram of body weight. Consumption of beverages such as soda, coffee, milk, and alcohol was determined with the food frequency questionnaire; from these responses, total caffeine was determined. Food groups and dietary patterns that represent the combined intake of foods and nutrients were also evaluated.
Physical Measures
At each of the 5 clinical sites, height and weight were measured using standard stadiometers and balance-beam scales, respectively (Stanford University: Harpenden stadiometer, Mentone Educational, Victoria, Australia/Healthometer scale; University of California Los Angeles: Healthometer; University of Michigan: Healthometer; Helen Hayes Hospital: Measurement Concepts stadiometer/Detecto scale; Massachusetts General Hospital: Healthometer-Healthometer, Jarden Corp., Rye, NY). Body mass index (kilograms per square meter) was calculated from these measurements. Body composition (lean body mass and fat mass) and bone mineral content (BMC) (g) and BMD (g per square centimeter) at the left proximal femur, spine, and whole body and were measured by dual energy x-ray absorptiometry (DEXA) (Hologic, Bedford, MA, DXA QDR 4500A at 4 clinical sites, 2000 W at one site). The coefficient of variation for measuring BMD at the hip and spine in the same person after leaving and then returning to the measuring table on the same day was 2% or less at each of the clinical sites. For most of the period of data collection, machines were cross-calibrated every 6 months using a circulating Hologic anthropomorphic spine phantom, and each site maintained a quality assurance program. Participants were asked to return for bone densitometry and measurement of body composition, height, and weight 1 year and 2 years after baseline measurements.
Ascertainment of Stress Fracture Occurrence during Follow-up
Participants were asked to record the occurrence of a possible stress fracture on a monthly calendar and also to report their occurrence to us immediately. The fracture had to be confirmed by radiograph, bone scan, or magnetic resonance imaging to be counted in this study. All reported stress fractures were confirmed and costs of imaging were assumed by the study where necessary. Participants were also queried periodically about the occurrence of stress fractures by email, phone, and on their questionnaires. No additional stress fractures were reported as a result of these queries.
Statistical Analysis
Analyses were carried out with the SAS statistical package, version 9.1 (SAS Institute, Cary NC). Baseline nutrient intakes for calcium, vitamin C, vitamin D, phosphorous, potassium, iron, fiber, and fat were adjusted for total caloric intake using the residual method [54] . Units for dairy, fruits, and vegetables are servings per day; units for animal and vegetable protein are grams per day per kilogram of body weight.
Cox proportional hazards models were used to compute adjusted hazard ratios for the relationships between individual dietary factors and stress fracture incidence. Separate models were run for each nutrient, food, or dietary pattern. Hazard ratios were adjusted for clinical assessment site, group to which a participant was randomized, menstrual status at baseline, spine bone density, age, and stress fracture history before enrollment. Though we only present analyses involving the baseline data, we also repeated the analyses modeling nutrients and foods as time-dependent variables (which incorporates follow-up dietary data) and obtained similar results.
We estimated the relationship between specific dietary factors and annual rates of change of BMD and BMC using linear mixed models, adjusted for clinical site, age, annual menses, and treatment assignment in the randomized trial. We tested for confounding by training variables (average distance run in the past year), disordered eating (Eating Disorders Inventory score Ͼ69), and changes in body weight, but these variables were not found to have an effect, and therefore were not included in the models presented here.
Dietary patterns were derived from a reduced rank regression method [55] , and were evaluated in relation to stress fracture incidence and the rate of change in BMD or BMC.
Reduced rank regression aims to identify dietary patterns (combination of foods) that are most related to the outcome. In our models, the predictors are foods and the response variables are nutrients that were hypothesized a priori to be important to skeletal health, including calcium, vitamin D, phosphorous, potassium, vitamin C, fiber, fat, and iron. The reduced rank regression identifies those linear functions of the predictors (foods) that explain more of the variance in the response variables (disease-related nutrients) than any other linear functions of foods. These are the dietary patterns that are most likely to relate to stress fractures or annual changes in BMD. Each woman in the dataset gets a score that represents how strongly she follows a given dietary pattern; these scores are then tested for their relationship with stress fracture incidence or longitudinal changes in BMD/BMC. The advantage of this method is that it allows simultaneous evaluation of correlated nutrients because some linear function of all disease-related nutrients may have more discriminating power than any single nutrient.
Effect modifications of the relationship between dietary intake and stress fracture occurrence and change in bone density were evaluated in stratified analyses. All associations of interest were tested for effect modification (statistical interaction) by treatment assignment and menstrual status (eumenorrheic versus oligo/amenorrheic). Several instances of effect modification were found, and are accordingly reported.
RESULTS
Descriptive Statistics
Of the 150 subjects originally randomized, one was missing all dietary data; 2 were excluded from analysis because they had reported kilocalorie intakes Ͼ5000 or Ͻ500. One subject had diet data but no beverage data, so she is included in the diet analyses but not the beverage analyses. Among the 147 remaining subjects who had baseline diet data (and 146 with baseline beverage data), 125 had follow-up data on stress fracture occurrence and 122 had follow-up BMD measures.
The 125 participants were followed for stress fracture occurrence for a total of 2,792 months, or an average of 1.86 years per woman. Descriptive characteristics of this population are found in Table 1 . The average age at baseline was 22 years, 83% were white, 33.6% reported menstrual irregularity, and about one third reported a prior stress fracture. Mean BMD of the spine was 0.56 standard deviations below and at the hip was 0.31 standard deviations above the mean for a young normal population, according to Hologic normative data.
The average caloric intake at baseline was 2,280 kcal per day (Table 2) . Women in this population had intakes that exceeded the recommended daily intake/recommended daily allowance for iron, fiber, calcium, vitamin C, and vitamin D. However, intake was lower than recommended for phosphorus and potassium. On average, fruits and vegetables were consumed 5 times per day and dairy (milk, yogurt, or cheese) was consumed about 3 times per day, although only about 8 ounces of milk were consumed per day, and the majority of milk consumed was skim milk (75%).
Nutrients and Stress Fractures
Seventeen of the 125 runners had at least one stress fracture, for a rate of 7.3 first stress fractures per 100 person-years of follow-up. Nine of these stress fractures occurred in the tibia, 6 in the foot, and 2 in the femur. Four runners had a second stress fracture: 2 in the tibia, one in the foot, and one in the femur. These second stress fractures are not considered in these analyses.
We found that higher intakes of calcium, skim milk, milk, and servings of dairy products per day were each related to a reduced rate of stress fracture, although the strongest protection was from higher skim milk consumption. Every additional cup of skim milk consumed per day was associated with a 62% reduced fracture risk (P Ͻ .05); every additional serving of dairy products consumed per day conferred a 40% reduction in risk (Table 3 ) (P Ͻ .05).
The 4 patterns that resulted from the reduced rank regression analysis included: pattern 1: higher consumption of dairy, lower consumption of fat; pattern 2: higher fruits and vegetable consumption, higher fiber and lower fat consumption; pattern 3: higher animal protein, higher fat, lower fruits and vegetable, lower fiber consumption; and pattern 4: higher protein (both animal and vegetable). Using these 4 patterns, we found that individuals with a high dairy and low fat intake (pattern 1) had a significantly reduced risk of a stress fracture (Table 3 ) (P Ͻ .05). There were no significant interactions between stress fracture risk and nutrition with either treatment assignment or menstrual status (each P Ͼ.05, data not shown).
Nutrients and Annual Change in BMD
Individual nutrients were assessed in relation to change in BMD; the results are presented in Table 4a . Calcium intake was positively related to annual gains in BMD of the hip (P Ͻ .05) and total body (P Ͻ .005), as well as total body BMC (P Ͻ .005). For every standard deviation increase in calcium intake (approximately 600 mg), women gained an additional 0.0016 g/cm 2 (an average 0.16% gain) in spine BMD annually (P ϭ .07), 0.0022 g/cm 2 (an average 0.26% gain) in hip BMD, 0.0025 g/cm 2 (an average 0.23% gain) in total body BMD, and 6.6 g (an average 0.30% gain) in total body BMC. Skim milk, total milk intake, and number of dairy servings per day also predicted significant gains in hip BMD and whole-body BMC; vitamin D intake predicted gains in spine and hip BMD; and animal protein, a component of milk, predicted gains in whole-body BMD and BMC. There was a positive relationship between increased intake of potassium and significant increases in BMD of the hip and whole body and whole-body BMC. For every standard deviation increase in potassium (approximately 900 mg), there was a gain of 6 Ϯ 2.3 grams per year in total body BMC. Coffee intake also predicted positive changes in spine (P Ͻ .05) and hip BMD (P Ͻ .01) (Table 4a) .
Using the 4 dietary patterns that resulted from the reduced rank regression analysis, we found that individuals with diets high in dairy and low in fat had a greater annual increase in hip BMD (P Ͻ .05), and individuals with diets high in fruits, vegetables, and fiber and low in fat consumption had significantly greater increases in whole-body BMD and BMC (P Ͻ .005 and P Ͻ .01, respectively).
All data were stratified by menstrual regularity versus irregularity to evaluate the joint effects of menstrual function and diet (Table 4b ). Consumption of dairy products predicted positive change in hip BMD in both menstrual groups. Calcium intake predicted significant positive bone changes in women with both regular and irregular menstrual function, although the magnitudes of the changes were higher in the irregularly menstruating women. The positive effect of animal protein on total body bone was confined to irregularly menstruating women; no effect was found in regularly menstruating women. Last, the effects of fruits and vegetables as well as potassium varied by menstrual status and skeletal site. There was no clear pattern of effect (positive or negative) across skeletal sites.
To evaluate whether the positive effect of certain nutrients are independent of calcium intake, several analyses were repeated, controlling for calcium intake. Controlling for calcium intake attenuated, by approximately 25%, the effects of animal protein on gains in total body BMD/BMC, although the relationship remained significant. Controlling for calcium in the models relating potassium to gain in bone density slightly attenuated the effect at the hip and spine (ϳ10% attenuation), with a somewhat greater attenuation for the relationship at the total body (ϳ20%), although statistical significance was not changed. Adjustment for calcium intake had no impact on the estimates of the effect of coffee on spine and hip BMD; however, the food frequency questionnaire did not specifically ask participants about the consumption of coffee beverages containing milk (such as lattes).
DISCUSSION
In this study of young female runners, skim milk intake and total dairy product intake were associated with protection against stress fracture. Consistent with this finding, an evaluation of dietary patterns (an analysis that allows simultaneous evaluation of correlated dietary factors) showed that runners with a high dairy product intake along with a low-fat diet had a significantly reduced risk of stress fracture. Small longitudinal increases in BMD at each skeletal site were positively related to specific dietary intakes. Annual increases in hip BMD were related to higher intakes of calcium, vitamin D, potassium, coffee, milk, and dairy products; annual increases in spine BMD were related to higher intakes of vitamin D and coffee; and annual increases in whole-body BMD and BMC were related to higher intakes of animal protein, calcium, potassium, milk, and dairy products. We also identified 2 different dietary patterns that were related to skeletal mass. A diet high in dairy intake and low in fat intake was associated with gains in hip BMD, and a diet high in fruits, vegetables, and fiber intake and low in dietary fat was associated with gains in total body BMD and BMC. No single nutrient is eaten in isolation; therefore, it is important to use analysis techniques, such as reduced rank regression, to evaluate the interrelationships of dietary variables. We previously reported that low bone mass and low BMD were associated with an increased risk for stress fracture [56] , a finding that is consistent with other prospective studies carried out in competitive athletes [1, 3] and military recruits [7] . Therefore, it is not surprising that many of the same nutrients and foods (dairy products, calcium, vitamin D, and milk) found to be protective against stress fractures were also related to increases in BMD.
Our study is the first prospective study to demonstrate protective effects of calcium and vitamin D on stress fracture risk in female athletes. Each additional cup of skim milk consumed per day was associated with a 62% decrease in stress fracture incidence. Thus, increasing dairy consumption may represent a relatively simple intervention that women runners can implement to substantially reduce their fracture risk. Though a previous case-control study reported a relationship between low calcium and dairy consumption and increased risk of stress fracture in female athletes [5] , other studies in female athletes and military recruits have found no association [3] [4] [5] [6] [7] . In the only other prospective study to examine this relationship in female athletes [3] , women with fractures actually had a higher, though not significant, calcium intake than women with no fractures. However, calcium was measured in the middle and at the end of the study, and women with fractures may have increased their calcium intake in response to their fractures. Our findings are supported by a recent report [8] in female Navy recruits; in that trial, women randomized to supplementation with 2000 mg calcium and 800 international units of vitamin *Cox proportional hazards models were used to evaluate the relationship of baseline nutrient intake, beverage consumption. and dietary patterns with stress fracture incidence adjusted for clinical site, treatment group assignment, baseline menstrual status, spine bone density, age, and stress fracture history.
† P Ͻ .05. Dietary pattern1 ϭ high dairy, low fat; dietary pattern 2 ϭ high fruits and vegetable, high fiber, low fat; dietary pattern 3 ϭ high animal protein, high fat, low fruits and vegetables, low fiber; dietary pattern 4 ϭ high protein (both animal and vegetable).
D versus placebo for 8 weeks of basic training had a 20% lower incidence of stress fracture.
We found that dairy products and calcium protected against stress fractures even after controlling for bone density. That the stress fracture protection is independent of BMD suggests that other aspects of bone strength are involved. For instance, in one study, lower milk intake was related to a smaller cortical thickness [39] , and, conversely, cheese supplementation (in children) increased cortical thickness [40] . This effect of dairy on skeletal geometry may relate to differences in risk for stress fractures.
One previous study reported that a low-fat diet was a risk factor for stress fracture [3] , rather than a protective factor as we found here. However, recent analyses of National Health and Nutrition Examination Survey (NHANES) data indicate that higher intakes of saturated fat are related to lower BMD [57] , perhaps consistent with our findings, although we did control for baseline BMD in the analysis. It is also possible that the protective effect of the low-fat diet against stress fracture is only when combined with higher intakes of dairy foods, as indicated by the dietary patterns analysis.
Our findings that dairy products and skim milk were related to a modest increase in BMD are similar to other studies reporting that low intakes of calcium and dairy products have been associated with decreased BMD in young adult women [58] . However, this is the first prospective study to show this relationship in young female athletes. There may be overlap in some of these variables in that 75% of milk intake was reported as skim milk consumption and 25% of servings of dairy per day were from skim milk.
The finding of coffee intake having a positive relationship with spine and hip BMD could be due to chance or could reflect the addition of dairy products to coffee. High coffee intake has sometimes been linked to lower bone mass in the setting of very low calcium intake [46] . Our study suggests that coffee intake, at the moderate levels consumed in this study (an average intake of 1 cup per day), has no adverse effect on bone health in female runners, and may even be beneficial if milk-based coffee drinks, such as lattes, are consumed. Thus, women runners should not be advised to reduce their coffee intake to improve skeletal health. There was no effect of alcohol or soda on stress fracture occurrence or change in BMD, perhaps because of the small number of women who consumed these products. In addition, the lack of a specific cola category [59] may have limited the ability to find any association between these skeletal outcomes and soda, if such an association exists. Protein intake, specifically animal protein, was related to small but significantly greater increases in total body bone mass. Similar results have been reported in women of a similar age [26, 60, 61] , but this is the first prospective study to show this relationship in young women athletes. One possible mechanism is that protein may alter the response to calcium supplementation [62, 63] , possibly through improving calcium absorption [64] . Or, protein-related changes may increase concentrations of insulin-like growth factor-1 (IGF-1) that may have a positive skeletal benefit [64] . In general, diets that are moderate in protein intake (1-1.5 g protein/kg body weight), such as those reported in this study, are associated with normal calcium metabolism, whereas diets high in protein have been reported to cause excessive urinary calcium excretion (64) or may create an acidic environment that favors bone resorption [65] . That a positive change in whole-body BMD/BMC was related to animal protein may also be a reflection of the animal protein found in dairy intake, a dietary component that was positively related to BMD change. In fact, 47% of the grams of animal protein per day came from dairy consumption, and the estimate of the effect of animal protein was partially reduced after controlling for calcium.
In our study, a high potassium intake was associated with greater gains in hip BMD and total body BMD/BMC (independent of the effect of calcium); and a high fruit and vegetable intake was associated with greater gains in total body BMD/BMC. Several cross-sectional studies have reported that potassium, magnesium, and vitamin C intakes are related to higher BMD [32, 66, 67] . Longitudinal studies have also found a correlation between potassium, magnesium and vitamin C intakes [57] or fruit and vegetable intakes [45] and change in BMD in non-athlete populations. Potassium and magnesium may reduce bone turnover [66] and may contribute to the alkali load, serving as a buffer to the acid load of a diet [49, 68, 69] . In addition, fruits and vegetables may promote bone health through action of other nutrients such as vitamin K [32, 66, 67, [70] [71] [72] [73] . Clearly, our finding of higher potassium intake relating to hip and total body BMD needs to be further explored. However, the finding is strengthened by a consistent beneficial effect of potassium across skeletal sites and because the dietary pattern relating to positive BMD changes included fruits and vegetables, a major source of potassium.
Several previous studies in competitive athletes and military recruits have reported that current or past menstrual irregularity is associated with an increased risk for stress fracture and greater bone loss [ Baseline nutrient intake for calcium and potassium is adjusted for caloric intake using the residual method [54] . Units for dairy, fruits, and vegetables are servings per day; units for animal protein are grams per day per kilogram of body weight. *Annual rates of change are estimated from linear mixed models, adjusted for clinical site, age, and treatment assignment in the randomized trial. † Women were classified as having current menstrual irregularity if they were oligomenorrheic (defined as 4-9 cycles in the past year) or amenorrheic (defined as fewer than 4 cycles in the past year).
‡ P Ͻ .05, rate of change differs from 0. § P Ͻ .01, rate of change differs from 0.
ularity could also potentially modify the effect of risk factors; therefore, we have controlled for this variable in the analyses and also stratified on this variable. In women with irregular menses, intake of protein and calcium may be of greater importance for skeletal health than for runners with regular menses. Although we previously reported an association at baseline between disordered eating and low BMD among eumenorrheic runners [76] , no association between disordered eating and subsequent stress fracture occurrence or bone loss was seen in our longitudinal analyses. However, our findings do indicate that nutritional intake may have a larger impact on changes in BMD and BMC in irregularly menstruating women who may have a backdrop of poor nutrition and may also have eating disorders. Our prospective study had the advantage of collecting information on possible risk factors before the occurrence of the stress fractures and without knowledge of BMD, thus eliminating the possibility of biased recall. In addition, all participants were from one sport, cross-country running, thus eliminating sport as a potential source of variation in both stress fracture occurrence and longitudinal changes in BMD. One limitation is that our study population was of modest size, with only 17 new stress fractures; also, the small expected changes in BMD would make it difficult to find dietary determinants of change. Another limitation was the lack of follow-up information on 17% of the original participants, related to the high degree of mobility in women of this age. Finally, there is the possibility of uncontrolled or unmeasured confounding. In particular, it is difficult to separate the effects of dietary constituents that tend to be consumed together. However, the dietary pattern analysis allows the simultaneous evaluation of correlated dietary constituents. Measurement error in diet assessment is also likely to have occurred.
CONCLUSION
In conclusion, the results of our study indicate that in young female runners' dairy product intake, particularly low-fat milk, and the major nutrient components of milk (calcium, vitamin D, and protein) are related to greater bone gains and lower stress fracture risk. Potassium intake, related to fruit and vegetable intake, was also associated with greater gains in hip and total body BMD. Therefore, an overall healthy diet, with low-fat milk to provide adequate calcium and vitamin D and sufficient in fruits and vegetables, may provide the greatest skeletal benefit to cross-county runners.
